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The ability of dyslexic children with or without phonological problems to process simultaneous and sequential visual information was
assessed using two tasks requiring the oral report of simultaneously or sequentially displayed letter-strings. The two groups were found to
exhibit a simultaneous visual processing deﬁcit but preserved serial processing skills. However, the impairment in simultaneous process-
ing was larger in the dyslexic group with no phonological disorder. Although sequential and simultaneous processing skills both related
to reading performance, simultaneous processing alone signiﬁcantly contributed to reading speed and accuracy. These ﬁndings suggest
that a simultaneous processing disorder might contribute to developmental dyslexia.
 2008 Elsevier Ltd. All rights reserved.
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The most broadly accepted cognitive theory of dyslexia,
the phonological theory, asserts that developmental dys-
lexia results from a core phonological deﬁcit (Bishop &
Snowling, 2004; Frith, 1997; Snowling, 2001; Vellutino,
Fletcher, Snowling, & Scanlon, 2004; Ziegler & Goswami,
2005). According to this theory, deﬁcits in the representa-
tion and use of phonological information would result in
poor phoneme awareness and weak grapheme–phoneme
recoding skills (Griﬃths & Snowling, 2002; Ramus &
Szenkovits, 2008; Vellutino et al., 2004). In support of this
hypothesis, deﬁcits in phoneme awareness (the ability to
segment and manipulate the constituent sounds of the oral
language) have been consistently reported in the dyslexic
population (Blachman, 2000; Snowling, 2001; Vellutino
et al., 2004, for a review) as well as diﬃculties in pseudo-
word reading and spelling. The causal role of phonological0042-6989/$ - see front matter  2008 Elsevier Ltd. All rights reserved.
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Sylviane.Valdois@upmf-grenoble.fr (S. Valdois).deﬁcits in developmental dyslexia is further supported by
studies on reading development. Indeed, results from typi-
cally developing children demonstrated a reciprocal causal
relationship between phoneme awareness and reading
acquisition (Castles & Coltheart, 2004). Longitudinal stud-
ies showed that phoneme awareness predicts subsequent
reading performance and training studies revealed that
instruction in phoneme awareness facilitates the process
of reading acquisition (Ehri et al., 2001). While the phono-
logical deﬁcit and its impact on reading are relatively well
understood; the potential impact of visual deﬁcits on the
reading performance of dyslexic children remains an open
and debated question.
First introduced by Morgan (1896) and Hinshelwood
(1917), the hypothesis of a deﬁciency in visual processing
as the cause of developmental dyslexia came back at the
core of the debate with the magnocellular hypothesis.
Indeed, a series of studies provided evidence for a deﬁcit
in low level visual processing which was interpreted as
reﬂecting a magnocellular impairment in developmental
dyslexia (Livingstone, Rosen, Drislane, & Galaburda,
1991; Stein & Walsh, 1997; see Stein, 2003 for a review).
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hotly debated (Amitay, Ben-Yehudah, Banai, & Ahissar,
2002; Ben-Yehudah, Sackett, Malchi-Ginzberg, & Ahissar,
2001; Ramus et al., 2003; Skottun, 2000), similar low level
processing disorders were evidenced in the auditory modal-
ity (Laasonen, Service, & Virsu, 2001; McAnally & Stein,
1996; Renvall & Hari, 2002; Witton et al., 1998). In both
modalities, performance was characterised by selective dif-
ﬁculties in fast temporal processing (Breznitz & Meyler,
2003; Stein & Walsh, 1997; Tallal, 1980).
Deﬁcits in rapid stimulus sequence processing have been
interpreted within the sluggish attentional shifting theory
framework (Hari & Renvall, 2001). According to this the-
ory, the attention of dyslexics once engaged cannot easily
disengage in all sensory modalities. Evidence for sluggish
attentional capture and prolonged attentional dwell time
were in particular provided in the visual modality through
tasks of attentional blink (Hari, Valta, & Uutela, 1999; Vis-
ser, Boden, & Giaschi, 2004) and visual precedence (Hari &
Renvall, 2001) that involve allocating attention to rapidly-
sequential stimuli. In the auditory modality, the deﬁcit in
sequential processing was found not only for rapid stimuli
(Facoetti, Lorusso, Catteaneo, Galli, & Molteni, 2005;
Renvall & Hari, 2002) but also when the stimulus onset
asynchrony was larger. It was thus concluded that dyslexic
children suﬀered from a more general sequential processing
disorder (Amitay et al., 2002; Ben-Yehudah & Ahissar,
2004; Ben-Yehudah et al., 2001; Conlon, Sanders, &
Zapart, 2004; Ram-Tsur, Faust, & Zivotofsky, 2006).
When found, the auditory temporal processing disorder
was typically reported in dyslexic participants with a pho-
nological deﬁcit (Boets, Ghesquie`re, Wieringen, & Wou-
ters, 2007; Boets, Wouters, Van Wieringen, &
Ghesquiere, 2006; De Martino, Espesser, Rey, & Habib,
2001; Talcott et al., 1999; Tallal, 1980). A number of ﬁnd-
ings further suggest that low level visual processing skills
diﬀer in diﬀerent subgroups of developmental dyslexia
(see however, Ben-Yehudah & Ahissar, 2004; Ben-Yehu-
dah et al., 2001). Borsting et al. (1996) showed in the visual
modality that reduced sensitivity to low spatial frequency
was only found in those dyslexic children with phonologi-
cal problems (see also Slaghuis & Ryan, 1999, 2006 for evi-
dence on motion detection). In return, low level visual
processing was reported as intact in dyslexic children with
preserved phonological skills (Spinelli et al., 1997). When
cross-modality temporal processing was examined in diﬀer-
ent subgroups of dyslexia, deﬁcits were found in the phono-
logical dyslexic group only (Cestnick, 2001). McAnally,
Castles, and Stuart (2000) argued that the auditory deﬁcit
alone was responsible for the reading disorder; the visual
deﬁcits being viewed as just another manifestation of a gen-
eral sequential processing deﬁcit without direct impact on
reading performance. Based on an account of general sen-
sory deﬁcits as aﬀecting reading via speech perception and
phoneme awareness impairments, the visual and auditory
deﬁcits should tend to co-occur in the dyslexic individuals
showing an associated phonological disorder. Accordingly,visual sequential processing problems might more speciﬁ-
cally characterise a subgroup of dyslexic children with
associated phonological problems.
Alternatively, deﬁcits in processing strings of visual ele-
ments presented simultaneously have been reported in
developmental dyslexia (Bednarek et al., 2004; Bosse, Tain-
turier, & Valdois, 2007; Hawelka, Huber, & Wimmer,
2006; Hawelka & Wimmer, 2005; Helenius, Tarkiainen,
Cornelissen, Hansen, & Salmelin, 1999; Pammer, Lavis,
Hansen, & Cornelissen, 2004; Pammer, Lavis, Cooper,
Hansen, & Cornelissen, 2005; Prado, Dubois, & Valdois,
2007; Valdois, Bosse, & Tainturier, 2004; Valdois et al.,
2003). Hawelka and Wimmer (2005, 2006) showed that
the dyslexic participants with a multi-element processing
disorder were not impaired in coherent motion detection
and visual precedence tasks, and that their multi-element
processing deﬁcit was independent from their phoneme
awareness skills. This study thus suggests that at least some
form of visual processing deﬁcit can occur in developmen-
tal dyslexia without associated magnocellular or phonolog-
ical impairments. This deﬁcit might rather aﬀect the
simultaneous processing of visual information.
According to Bosse et al. (2007), impaired multi-element
processing reﬂects deﬁcits in allocating attention across let-
ter or symbol strings, thus limiting the number of elements
that can be processed in parallel during reading. By refer-
ence to the connectionist multitrace memory (MTM)
model of reading (Ans, Carbonnel, & Valdois, 1998), they
interpreted this disorder as reﬂecting a visual attention
span reduction. The visual attention (VA) span was deﬁned
as the number of distinct visual elements that can be simul-
taneously processed in a multi-element array. Bosse et al.
(2007) identiﬁed diﬀerent subgroups of dyslexic children
characterised by either a single phonological disorder or
a single VA span deﬁcit. A third group showed a double
deﬁcit, i.e. impaired phonological and VA span skills.
The VA span deﬁcit was found to account for the reading
performance of dyslexic children, independently of their
phonological skills. Moreover, a majority of the dyslexic
participants exhibited a single disorder, thus providing
additional support for the hypothesis that the phonological
and VA span deﬁcits contribute independently to develop-
mental dyslexia. A simultaneous visual processing disorder
might thus primarily characterize a subgroup of dyslexic
children without associated phonological problems.
Only a few studies on developmental dyslexia directly
compared sequential and simultaneous processing skills
in the visual modality. They typically concluded to a deﬁcit
in sequential processing with preservation of simultaneous
processing skills (Ben-Yehudah & Ahissar, 2004; Ben-
Yehudah et al., 2001; Ram-Tsur et al., 2006). In their
study, Ben-Yehudah and Ahissar (2004) examined dyslex-
ics’ spatial frequency discrimination under simultaneous
versus sequential presentations. The stimuli were displayed
for 250 ms in the simultaneous condition and at diﬀerent
ISIs in the sequential condition. The dyslexic participants
performed as controls in the simultaneous condition but
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ISIs of 250 and 500 ms. The authors argued that the major-
ity of the dyslexic individuals were impaired in sequential
processing but showed preserved simultaneous processing
skills. Results of this study did not reveal diﬀerences
according to the reading subtype. They however showed
that a sequential processing disorder could be evidenced
at time intervals of hundreds rather than tens of millisec-
onds, thus far longer than the intervals typically used in
fast temporal processing studies. Only very rarely were def-
icits reported in parallel processing in the absence of serial
processing problems. Yap and Van der Leij (1993) however
reported that dyslexic children were impaired in matching
tasks in which two visual digits were displayed simulta-
neously for 200 ms but performed at the level of chronolog-
ical-age-matched controls when the two visual digits were
displayed one after the other.
The present study aimed at assessing whether the ability
to process simultaneous and sequential visual information
varied in diﬀerent subtypes of developmental dyslexia. In
line with previous ﬁndings, a selective sequential processing
disorder was expected in the subgroup of dyslexic partici-
pants with associated phonological problems. In contrast,
impaired simultaneous processing skills, but preserved
serial processing, was expected in those dyslexic children
with no associated phonological problems.2. Method
2.1. Population
Thirty-nine native French speakers participated in this experiment: 26
dyslexic children, with or without phonological problems, and 13 chrono-
logical age matched controls. The dyslexic participants were selected from
a larger sample of 52 dyslexic children who were recruited at the ‘‘Centre
de diagnostic des troubles du Langage et des apprentissages” (Diagnostic
Centre for Speciﬁc Language and Learning Disorders) of the Pediatric
Department of the Hospital of Grenoble. The diagnosis of developmental
dyslexia was established using both inventories and testing procedures in
accordance with the guidelines of the ICD-10 classiﬁcation of Mental
and Behavioural disorders. All the dyslexic participants had a normal
IQ (full IQ superior to 85 on the WISCIII or WISC IV, or a score superior
to the 25th percentile on the Raven’s Progressive Matrices; Raven, Court,
& Raven, 1998). They attended school regularly and were free from neu-
rological or psychiatric illness, or any medical treatment. All had normal
or corrected to normal visual acuity and a normal hearing level. Children
underwent clinical examination before the experiment to evaluate their
reading skills and their phonological abilities. Neuropsychological data
were analysed at the individual level. The Alouette Reading Test (Lefav-
rais, 1967) was used to estimate the reading age of each child. The children
were diagnosed as dyslexics if their reading age was at least 18 months
lower than expected according to their chronological age and if they
scored below the 10th percentile on tests of either word or pseudo-word
reading (speed or accuracy). The dyslexic participants were then selected
and divided into two subgroups of 13 children each. Characteristics of
the subgroups are provided in the following sections.
2.2. Neuropsychological screening
2.2.1. Phonological assessment
The dyslexic children were submitted to three phoneme awareness
tasks (phoneme deletion, phoneme segmentation and acronyms)- Phoneme deletion. The participants were asked to delete the ﬁrst sound
of a word and produce the resulting pseudo-word (e.g., /uti/‘‘out-
il”? /ti/;/plakar/‘‘placard”? /lakar/). In the 20 word list, seven
words began with a vocalic phoneme corresponding to a multiple letter
grapheme so that deletion of the ﬁrst letter (instead of the ﬁrst pho-
neme) yielded incorrect responses; nine words began with a consonan-
tal cluster, four with a singleton.
- Phoneme segmentation. Fifteen words were presented auditorily to the
participants who had to successively sound out each of the word con-
stituent phonemes. The words were 4.2 phonemes long on average
(range 3–6).
- Acronyms. Two words were successively pronounced by the experi-
menter (one word per second). The participants had to extract the ﬁrst
phoneme of each word and blend them to produce a syllable. The ten
word couples were taken from the BELEC Battery (Mousty, Leybaert,
Alegria, Content, & Morais, 1994).
The 26 dyslexic participants were selected and assigned to one of the
two dyslexic groups according to their performance on the phonological
tasks. Each child belonging to the phonological group exhibited a deﬁcit
(scoring at the 10th percentile or below) on at least one of the phoneme
awareness tasks. Actually, all the children but three were below the tenth
percentile on at least two of these tasks. In contrast, only those children
performing within the normal range on each of the three phoneme aware-
ness tasks were assigned to the nonphonological group. At the group level,
ANOVAs were performed to compare the two dyslexic groups (see Table
1). Performance on all three phoneme awareness tasks was signiﬁcantly
lower in the phonological group as compared to the nonphonological
group.
2.3. Reading skills assessment
As shown on Table 2, the two dyslexic groups did not diﬀer signiﬁ-
cantly in either chronological age (phonological group: CA = 129.92
months, SD = 21.7 months; nonphonological group: CA = 128.69
months, SD = 15.81 months; F < 1) or reading level (phonological group:
RL = 88.00 months, SD = 4.76 months; nonphonological group:
RL = 89.23 months, SD = 5.36 months; F < 1). Their chronological age
was similar to that of the control group (CAC = 128.92 months,
SD = 5.07 months; F < 1) but their reading level was signiﬁcantly lower
(CAC = 128.69 months, SD = 6.33 months; phonological group:
F(1,36) = 423.55; p < .0001; nonphonological group: F(1,36) = 398.45;
p < .0001).
The participants’ reading skills were further assessed using tasks of iso-
lated word and pseudo-word reading, taken from the ODEDYS neuropsy-
chological battery (Jacquier-Roux, Valdois, & Zorman, 2002). The
participants were given six lists of 20 items each for a total of 40 regular
words, 40 irregular words and 40 pseudo-words. The word lists were
matched for letter and syllable length, grammatical class and frequency.
The 40 pseudo-words were legal pseudo-words without lexical neighbours.
The participants were instructed to read aloud each of the six lists of 20
items as quickly and as accurately as possible. Both accuracy and reading
rate were taken into account.
As a group (see Table 2), the dyslexic participants performed worse
than normally achieving readers on all the reading measures. Two anal-
yses of variance were carried out with group as between-subjects factor
and items as within-subjects factor, one for accuracy, and the other for
reading rate. The analysis showed signiﬁcant main eﬀects of group
(F(2,36) = 28.07; p < .0001) and items (F(2,72) = 51.09; p < .0001) on
reading accuracy and a signiﬁcant group by items interaction
(F(4,72) = 8.46; p < .00002). Accuracy performance was signiﬁcantly
lower on all types of items (all ps < .0001) for the dyslexic participants
as compared to the control children. The two dyslexic groups per-
formed similarly in irregular word (F(1,36) = 2.68; p = .11) and
pseudo-word reading accuracy (F(1,36) = 1.02; p = .32) but the phono-
logical group performance in regular word reading accuracy was signif-
icantly lower as compared to the nonphonological group (F(1,36) =
7.77; p = 0.008).
Table 1
Performance of the two dyslexic groups in phoneme awareness
Phoneme awareness Phonological dyslexics Nonphonological dyslexics Signiﬁcance
Phoneme deletion (score/20) 11.08 (4.19) 16.92 (4.65) F(1,24) = 19.47; p < .001
(Z score) (1.39) (0.15)
Phoneme segmentation (score/15) 4.77 (4.32) 10.38 (4.49) F(1,4) = 14.76; p < .001
(Z score) (0.79) (0.70)
Acronyms (score/10) 4.5 (1.09) 7.85 (2.24) F(1,24) = 46.32; p < .001
(Z score) (1.77) (0.12)
Table 2
Chronological age, reading age and reading performance of the groups of dyslexic children (with and without phonological problems) and control
participants
Phonological dyslexics,a mean (SD) Nonphonological dyslexics,b mean (SD) Chronological age controls, mean (SD)
Chronological age (months) 129.92 (21.70) 128.69 (15.81) 128.92 (5.07)
Reading age (months) 88.00 (4.76) 89.23 (5.36) 128.69 (6.33)a,b
Reading
Regular words
Score (max = 40) 29.92 (5.17)b 34.31(4.59)a 39.46 (0.66)a,b
Speed (sec) 88.08 (22.37) 91.77 (33.68) 30.85 (5.57)a,b
Exception words
Score (max = 40) 18.23 (6.64) 22.85 (10.33) 37.69 (1.97)a,b
Speed (sec) 113.23 (33.57) 121.08 (62.48) 33.77 (4.78)a,b
Pseudo words
Score (max = 40) 24.62 (6.17) 26.69 (6.28) 36.23 (2.24)a,b
Speed (sec) 105.85 (19.61) 117.31 (41.81) 43.08 (7.45)a,b
a Means that the diﬀerence is signiﬁcant compared to the phonological dyslexic group.
b That it is signiﬁcant by comparison to the nonphonological group.
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(F(2,36) = 25.9; p < .0001) and items (F(2,72) =19.81; p < .0001) and a
signiﬁcant group by items interaction (F(4,72) = 3.01; p = .023). The dys-
lexic participants read all types of items signiﬁcantly more slowly than the
controls (all ps < .0001). None of the diﬀerences in reading rate between
the two, phonological and nonphonological, groups of dyslexic children
was signiﬁcant (all p > .05).
Overall, the dyslexic children exhibited a severe delay in reading acqui-
sition (around 40 months). The two dyslexic groups did not diﬀer signiﬁ-
cantly in reading performance. They were severely impaired in both
reading accuracy and reading rate on all types of items. Unexpectedly,
the dyslexic children without associated phonological problems were
found to exhibit a pseudo-word reading impairment as severe as in the
group of dyslexic children with phonological problems.2.4. Experimental tasks
2.4.1. Simultaneous processing assessment: the global report task
The global letter-report task was designed to estimate the number of
distinct letters that could be extracted in parallel from a brief visual dis-
play (i.e., the VA span). This task, used in a number of our previous stud-
ies (Bosse et al., 2007; Prado et al., 2007; Valdois et al., 2003, 2004),
requires the report of all of the letters of brieﬂy displayed 5-consonant
strings.
2.4.1.1. Stimuli. Twenty random ﬁve letter-strings (e.g., RHSDM; angular
size = 5.4) were constructed from 10 consonants (B, P, T, F, L, M, D, S,
R, H). Each letter was used 10 times and appeared twice in each position.
The strings contained no repeated letters. Two subsequent letters never
corresponded to a French grapheme (e.g., PH, TH) or a frequent bigram
in French (e.g., TR, PL, BR). The 5-consonant string never matched the
skeleton of a real word (e.g., FLMBR for FLAMBER ‘‘burn”). Letterswere presented in upper case (Geneva, 24) in black on a white background.
The distance between adjacent letters was of 0.57 in order to minimise lat-
eral masking.
2.4.1.2. Procedure. At the beginning of each trial, a central ﬁxation point
was presented for 1000 ms followed by a blank screen for 50 ms. Then, a
letter-string was displayed at the centre of the screen for 200 ms, a dura-
tion which corresponds to the mean duration of ﬁxations in reading,
long enough for an extended glimpse, yet too short for a useful eye
movement (Fig. 1a). Children had to name verbally as many letters as
possible. The 20 experimental trials were preceded of 10 training trials
for which participants received feedback. No feedback was given during
the 20 experimental trials. The dependent measure was the number of
letters accurately reported (identity not location) across the 20 trials
(maximal score = 100).
2.4.2. Sequential processing: the sequential report task
As in global report, the sequential report task requires reporting as
many letters as possible from a series of 5 consonants but the letters were
here displayed sequentially, one after the other (see Fig. 1b). The strings
were constructed following the same constraints as in global report.
2.4.2.1. Procedure.A central ﬁxation point was presented for 1000 ms fol-
lowed by a blank screen for 50 ms. Then 5 letters were successively dis-
played one at a time at the centre of the screen. Each letter was
displayed for 200 ms (ISI = 0). Participants were asked to report as
many letters as possible, without any order or time constraints. They
started naming letters at the end of the sequential display. Ten training
trials were proposed at the beginning of the task, for which participants
received feedback. No feedback was given during the 20 experimental tri-
als. The dependent measure was the number of letters accurately
reported (identity not location) across the 20 trials (maximal
score = 100).
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Fig. 1. The simultaneous (a) and sequential (b) report procedures.
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3.1. Performance in simultaneous and sequential processing
Results are reported in Fig. 2. An analysis of variance
was carried out with group as between-subjects factor
and task as within-subjects factor. The analysis showed sig-
niﬁcant main eﬀects of group (F(2,36) = 8.47; p < .001)
and task (F(1,36) = 37.32; p < .0001). Signiﬁcantly more
letters were reported in the simultaneous than in the
sequential task. The group  task interaction was signiﬁ-
cant (F(2,36) = 9.81; p < .0004). Performance was similar
in the three groups (F < 1) for sequential processing but
it diﬀered signiﬁcantly according to the group in the simul-
taneous processing task (F(2,36) = 16.07; p < .0001). In
this latter condition, the proportion of accurately reported
letters was signiﬁcantly lower for the nonphonological
group of dyslexic children as compared to both CA con-
trols (88.23 vs. 67.85; F(1,36) = 32.12; p < .0001) and the
phonological dyslexic group (77.69 vs. 67.85; F(1,36) =Phonological dyslexics
Non phonological dyslexic
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Fig. 2. Number of letters accurately reported by each grou7.49; p < .01). Against our expectations however, the pho-
nological group also reported fewer letters than the CA
control group (88.23 vs. 77.69; F(1,36) = 8.59; p < .006)
in the simultaneous condition of letter report.
3.2. Relationship with reading performance
We were here interested in investigating whether perfor-
mance of the normally developing and dyslexic children in
the simultaneous and sequential letter report tasks related
to their reading performance. Correlation analyses were
ﬁrst conducted on the measures of chronological age, read-
ing age, reading accuracy and reading rate for the diﬀerent
types of items and the two simultaneous and sequential let-
ter-report conditions. Table 3 provides Pearson’s correla-
tions between these diﬀerent tasks for the whole
participants (N = 39).
As shown on Table 3, strong correlations (from .51 to
.95) were found between the diﬀerent measures of reading
performance (accuracy and rate). Most reading measures Simultaneous processing
 Sequential processing
s
CA controls
p in the simultaneous and sequential report conditions.
Table 3
Pearson’s correlations between chronological age, reading age, reading performance (score and speed), and the two conditions of simultaneous and
sequential report in the dyslexic and control participants
Reading age RW score RW speed IW score IW speed PW score PW speed SIMP SEQP
Chronological age 0.12 0.09 0.23 0.25 0.29 0.03 0.14 0.18 0.32*
Reading age 0.71*** 0.86*** 0.83*** 0.79*** 0.72*** 0.83*** 0.64*** 0.32*
Reading
RW score 0.64*** 0.83*** 0.55*** 0.82*** 0.51*** 0.42** 0.47**
RW speed 0.83*** 0.95*** 0.71*** 0.93*** 0.60*** 0.32*
IW score 0.81*** 0.79*** 0.68*** 0.59*** 0.48**
IW speed 0.63*** 0.90*** 0.57*** 0.33*
PW score 0.63*** 0.55*** 0.32*
PW speed 0.52*** 0.17
Report tasks
SIMP 0.50**
*p < .05; **p < .01; ***p < .001.
RW: regular word; IW: irregular word; PW: pseudo-word; SIMP: simultaneous processing; SEQP: sequential processing.
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mance in both the sequential and simultaneous letter report
tasks but these two later tasks further correlated with one
another. Chronological age signiﬁcantly related to none
of the reading measures but it was found to correlate with
performance in the sequential letter-report task.
Partial correlation analyses were thus computed to
assess whether performance in simultaneous processing still
contributed to reading performance after adjusting for
sequential processing skills and chronological age. As the
reading measures corresponding to the diﬀerent types of
items (words or pseudo-words) strongly correlated (all
Pearson’s coeﬃcient superior at .80), two composite
measures of reading accuracy and reading rate were calcu-
lated (by averaging the individual scores). The analysis
revealed that simultaneous processing skills accounted for
21% (t(35) = 2.94; p < .006) and 33% (t(35) = 3.66;
p < .0009) of unique variance in reading accuracy and read-
ing rate, respectively. In contrast, performance in sequen-
tial processing was not found to signiﬁcantly contribute
to reading performance after controlling for the partici-
pants’ age and simultaneous processing skills.4. Discussion
The aim of the current study was to assess whether a
simultaneous or sequential visual processing disorder char-
acterised diﬀerent subgroups of dyslexic children. A
sequential processing disorder was mostly expected to
occur with phonological problems in developmental dys-
lexia whereas a simultaneous processing disorder would
primarily characterise the dyslexic children with good pho-
nological skills.
First, we found that the dyslexic children performed as
the control participants in the sequential processing condi-
tion whatever their phonological skills. This result goes
against previous ﬁndings suggesting a deﬁcit in the rapidsequential processing of visual information in developmen-
tal dyslexia. In line with the fast temporal deﬁcit hypothe-
sis, dyslexic readers were consistently described as
exhibiting a temporal processing disorder for short inter-
stimulus intervals (for a review: Hari & Renvall, 2001).
The present ﬁndings challenge this view in showing that
our dyslexic participants exhibited good sequential process-
ing skills despite stimulus-intervals of zero milliseconds. It
is however noteworthy that stimulus onset asynchrony
(SOA) was typically shorter in the studies concerned with
rapid temporal processing information as compared to
the present one. For example, SOAs around 100 ms are
typically used in tasks of Attentional Blink against the
200 ms here used. However, a number of other studies have
reported sequential processing deﬁcits despite using longer
presentation durations. Ram-Tsur et al. (2006) showed a
temporal processing deﬁcit in dyslexic adults for visual
items that were displayed for 500 ms (at diﬀerent SOAs,
from 530 ms to more than a second). In the same way,
Ben-Yehudah and Ahissar (2004) concluded to a sequential
processing disorder in developmental dyslexia using a dis-
crimination task in which two gratings were presented for
250 ms (at diﬀerent SOAs from 500 ms to 2.25 s). It follows
that the longer presentation duration used in the present
study cannot by itself explain the absence of sequential pro-
cessing disorder in our sample of dyslexic children.
Deﬁcits in processing information at short ISIs have
been viewed as consistent with the sluggish attentional
shifting theory of dyslexia (Hari & Renvall, 2001). Dyslex-
ics’ diﬃculty under sequential presentation would then
result from sluggishness in disengaging attention from the
ﬁrst stimulus to the second, thus leading to poor encoding
of the second stimulus. Obviously, the present ﬁndings sug-
gest that our dyslexic participants did not suﬀer from
longer attentional dwell time. On the other hand, when def-
icits were evidenced for longer SOAs (Ben-Yehudah &
Ahissar, 2004; Ram-Tsur et al., 2006), the sequential pro-
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perceptual memory trace (Magnussen & Greenlee, 1999).
The absence of sequential processing disorder in the cur-
rent study does not invalidate this hypothesis since the def-
icits when observed were typically reported for longer than
200 ms SOAs.
Another explanation of the discrepancy between the
current ﬁndings and previous ones might deal with diﬀer-
ences in the type of experimental tasks used to assess
sequential processing skills in dyslexic readers. Indeed, it
was hypothesised that dyslexic readers might be more spe-
ciﬁcally impaired in visual paradigms requiring sequential
comparisons (Amitay et al., 2002; Ben-Yehudah & Ahissar,
2004). In line with this task eﬀect hypothesis, those studies
using comparison tasks typically showed that sequential
presentation yielded better performance among most of
the controls than the simultaneous condition. On the con-
trary in the current study, CA controls performed better in
the simultaneous than in the sequential report task. It is
noteworthy however that, in their studies, Ram-Tsur
et al. (2006) and Ben-Yehudah and Ahissar (2004) used
low-contrast non linguistic stimuli. The use of high con-
trast alphabetic stimuli in the current study might have
triggered some visual attentional processes more speciﬁ-
cally involved in letter-string processing and reading (as
postulated by Whitney & Cornelissen, 2005).
Second and as expected, the dyslexic children with no
phonological problems were found to exhibit a simulta-
neous processing disorder. This ﬁnding is in agreement
with previous research indicating that a VA span disorder
(i.e., a visual simultaneous processing disorder) typically
dissociates from phonological problems in developmental
dyslexia (Valdois et al., 2003; Bosse et al., 2007). However,
the current results extend previous ﬁndings in showing that
this letter-report disorder is speciﬁc to simultaneous pro-
cessing. Indeed, the two tasks of letter report we used here
were designed to mostly diﬀer on the simultaneous/sequen-
tial dimensions. Both tasks require not only the integrity of
the visual processes involved in letter identiﬁcation but also
preservation of the high-level processes involved in the acti-
vation of letter names in long-term memory and their
maintenance in verbal short-term memory. The good per-
formance of nonphonological dyslexic children in the
sequential report task suggests that these levels of process-
ing were preserved.
In particular, the current ﬁndings suggest that the poor
performance of dyslexic children in simultaneous process-
ing cannot be attributed to verbal short-term memory
problems. This conclusion is in line with previous ﬁndings
showing that deﬁcits in global report (simultaneous pro-
cessing) typically dissociate from verbal short-term mem-
ory problems in developmental dyslexia. Indeed in the
case studies we previously reported, we showed that dys-
lexic children with phonological problems and poor verbal
STM performed the global report task as well as control
children of the same chronological age (Valdois et al.,
2003). In contrast, children with poor performance in glo-bal report had preserved verbal short term memory
(Dubois et al., submitted for publication; Valdois et al.,
2003). In another study conducted on a large sample of
typically developing children (N = 417) in 1st, 3rd and
5th grade, Bosse and Valdois (submitted for publication)
further found that visual attention span abilities predicted
reading performance independently of the child phoneme
awareness and verbal short term memory. This ﬁnding
again suggests that performance in the simultaneous condi-
tion of global report is not primarily aﬀected by phonolog-
ical or verbal STM abilities. This conclusion is supported
by other ﬁndings showing that performance in similar glo-
bal report tasks was not aﬀected by concurrent activity in
verbal short-term memory (Pelli, Burns, Farell, & Moore-
Page, 2006; Scarborough, 1972). It is further noteworthy
that if verbal short term memory was strongly involved
in the two tasks of simultaneous and sequential letter
report then one would predict performance to be sensitive
to the task verbal memory load. Whereas all 5 letters are
simultaneously displayed for 200 ms in the simultaneous
condition of global report, each individual letter is pre-
sented for 200 ms in the sequential condition so that letter
names have to be maintained in verbal short term memory
for 1000 ms (200 ms  5 letters) before being reported.
Accordingly, memory load is far higher in the sequential
than simultaneous condition of letter report. However,
dyslexic children performance does not diﬀer from that of
the controls in sequential processing suggesting that their
performance was not aﬀected by diﬀerences in verbal short
term memory.
As previously stressed by Shovman and Ahissar (2006),
the present ﬁndings suggest that our dyslexic participants
did not suﬀer from a general visual processing deﬁcit or a
letter identiﬁcation problem (see also Prado et al., 2007).
This conclusion is further supported by the ﬁndings of Bos-
se et al. (2007) that dyslexic children did not diﬀer from
normally developing children in single letter processing
rate. Our dyslexic participants, in particular those with
no phonological problems, thus demonstrate a letter-string
processing disorder despite preserved letter identiﬁcation
skills. In line with these ﬁndings, Pelli et al. (2006) have
suggested that single letter identiﬁcation skills and letter-
string processing might correspond to two independent
visual subsystems. In their study, they trained non dyslexic
participants to learn foreign alphabets and showed that
their ability to recognise previously unfamiliar letters
increased very quickly with experience. A few hundred tri-
als with the new alphabet were enough for the novice par-
ticipants to become as eﬃcient as ﬂuent readers for which
the alphabet was familiar. However, despite their expertise
in single letter processing, the trained participants could
only report a few of the foreign characters (1 or 2) when
displayed in random strings. In fact, they reported as a
few letters as the participants seeing them for the ﬁrst time
and far less than ﬂuent readers. These results suggest that
eﬃciency for letter identiﬁcation has no direct impact on
the ability to process letters in strings. Letter-string pro-
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on speciﬁc visual or visual attentional mechanisms (see
Whitney & Cornelissen, 2005, for a similar account).
Unexpectedly however, the phonological dyslexic group
also demonstrated poorer simultaneous visual processing
skills than the controls even if performing signiﬁcantly
above the other group of dyslexic children. Although unex-
pected, this result is compatible with previous ﬁndings
showing that at least some dyslexic individuals exhibit both
a phonological and a VA span disorder (Bosse et al., 2007).
A post-hoc analysis was thus conducted to determine the
proportion of children who exhibited a simultaneous pro-
cessing disorder (score < 1.65 SD from the norm) in each
of the two dyslexic groups, with or without phonological
problems. The analysis revealed that 38% of the dyslexic
children with a phonological disorder further exhibited a
simultaneous visual processing disorder against 85% in
the group with no phonological problems.
Another important ﬁnding of the current study is the
speciﬁc and signiﬁcant relationship we found between read-
ing performance and simultaneous processing skills. How-
ever, this relationship might be considered as trivial if the
simultaneous letter-report task was viewed as just a partic-
ular type of reading task. According to dual route models
(Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart, Ras-
tle, Perry, Langdon, & Ziegler, 2001), unfamiliar word
reading relies on a number of cognitive components includ-
ing visual analysis, grapheme–phoneme conversion rules,
phonemic blending and verbal short term memory. We
already acknowledged that the simultaneous letter report
task requires some of the visual processing skills involved
in reading. The task however involves no reading-based
chunking mechanism which might have helped recalling
the identity of letters in the string. Indeed, the 5-consonant
letters never corresponded to a lexical word skeleton and
two subsequent consonants never formed legal graphemes
in French. Moreover and in contrast to unfamiliar word
reading, grapheme–phoneme conversion rules do not
apply, since letter names, not letter sounds, have to be
reported. As a consequence, phoneme blending is not
involved since the output sequence is a sequence of letter
names, not of letter sounds as in reading. Verbal short term
memory is involved in the task for letter names to be main-
tained in short term memory until their pronunciation but
this component was assumed to be preserved in our dys-
lexic participants since involved in sequential processing
as well. Performance on the simultaneous report task thus
primarily reﬂects the eﬃciency of the visual attentional
processes involved in reading. It is further noteworthy that
the 5-consonant strings used in this task did not keep to the
standard reading format, since the distance between two
adjacent letters was increased. The adopted spacing (of
0.57) was large enough to reduce lateral masking eﬀects
(Pelli, Palomares, & Majaj, 2004) but did not exceed the
threshold above which parallel processing no longer applies
(Dehaene, Cohen, Sigman, & Vinckier, 2005; Cohen, Deh-
aene, Vinckier, Jobert, & Montavont, 2008). It thusappears that the task more speciﬁcally taps those of the
visual mechanisms of reading which are involved in the
extraction of letter information during parallel processing.
The speciﬁc relationship we found between simulta-
neous processing skills and reading performance can be
straightforwardly explained within the multitrace memory
model (MTM) of reading (Ans et al., 1998). The model
indeed attributes a key role to a component of the reading
system, the visual attentional window, which determines
the amount of orthographic information simultaneously
processed while reading. Large visual attentional windows
extending over the whole word length are involved when
reading in global mode whereas smaller windows extending
over sub-lexical units typically apply when reading in ana-
lytic mode. The model thus predicts that diﬀerences in the
amount of orthographic units the system can simulta-
neously process will aﬀect reading performance (Valdois
et al., 2004). In particular, a simultaneous processing disor-
der characterised by a reduction of the visual attentional
window (i.e., the visual attention span in humans) would
prevent reading in global mode thus primarily aﬀecting
performance on regular and irregular words. However,
because the whole letters constituting relevant ortho-
graphic units (morphemes, syllables or graphemes) have
to be simultaneously processed when reading analytically,
a reduction of the VA span can also aﬀect pseudo-word
reading. In line with these predictions, it has been shown
that deﬁcits of the VA span contribute to the poor reading
performance of dyslexic children for both irregular words
and pseudo-words (Bosse et al., 2007) and that perfor-
mance on both types of items is predicted by VA span abil-
ities in large samples of typically developing children
(Bosse & Valdois, submitted for publication). The present
results thus provide further support to the MTM model
in showing that the relationship between reading and letter
report performance is speciﬁc to simultaneous processing.References
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